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0 Prostaglandin derivatives for the treatment of glaucoma or ocular hypertension. 

0 The invention relates to ophthalmological compositions for topical treatment of glaucoma or ocular hyperten- 
sion comorising an effective intraocular pressure reducing amount of a prostaglandin cer.vative of PGA. PGB. 
PGD PGE or PGF. in which the omega chain contains a ring structure, in an ophthaimologically compatiole 
earner. The invention further relates to the preparation of said compositions and their use for treatment of 
glaucoma or ocular hypertension. 
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PROSTAGLANDIN DERIVATIVES FOR THE TREATMENT OF GLAUCOMA OR OCULAR HYPERTENSION 

The invention is concerned with the use of prostaglandin derivatives of PGA. PGB, PGD, PGE and PGF. 
in which the omega chain has been modified with the common feature of containing a ring structure, for the 
treatment of glaucoma or ocular hypertension. The invention relates also to ophthalmic compositions, 
containing an active amount of these prostaglandin derivatives, and the manufacture of such compositions. 

5 Glaucoma is an eye disorder charactenzed by increased intraocular pressure, excavation of the optic 
nerve head and gradual loss of the visual field. An abnormally hig.h intraocular pressure is commonly known 
to be detrimental to the eye. and there are clear indications that, in glaucoma patients, this probably is the 
most important factor causing degenerative changes in the retina. The pathophysiological mechanism of 
open angle glaucoma is, however, still unknown. Unless treated successfully glaucoma will lead to blindness 

70 sooner or later, its course towards that stage is typically stow with progressive loss of the vision. 

The intraocular pressure. lOP (abbr. of intraocular pressure) can be defined as according to the formula: 
lOP = P, + F X R (1) 

where Pg is the episcleral venous pressure, generally regarded as being around 9 mm Hg. F the flow of 
aqueous humor, and R the resistance to outflow of aqueous humor through the trabecular meshwork and 

15 adjacent tissue into Schlemm's canal. 

Besides passing through Schlemm's, canal aqueous humor might also pass through the ciliary muscle 
into the suprachoroidal space and finally leave the eye through sclera. This uveoscleral route has been 
described for instance ty Bill (1975). The pressure gradient in this case is insignificant compared to the 
gradient over the interior wall of Schlemm's canal and adjacent tissue in the former case. The flow limiting 

20 step along the uveoscleral route is assumed to be the flow from the anterior chamber into the supra- 
choroidal space. 

A more complete formula is given by: 
lOP = Pe + (Ft - FJ X R (2) 

where Pe and R are defined as above. Ft is the total outflow of aqueous humor and F^ is the fraction 
25 passing via the uveoscleral route. 

lOP in human beings is normally in the range of 12 - 22 mm Hg. At higher values, for instance over 22 

mm Hg, there is a risk that the eye may be affected. In one particular form of glaucoma, tow tension 

glaucoma, damage may occur at intraocular pressure levels otherwise regarded as physiologically normal. 

The reason for this could be that the eye in these individuals is unusually sensitive to pressure. The 
30 opposite situation is also known, that some individuals may exhibit an abnormally high intraocular pressure 

without any manifest defects in the visual fieid or optic nerve head. Such conditions are usually referred to 

as ocular hypeaension. 

Glaucoma treatments can be given by means of arugs, laser or surgery. In drug treatment, the purpose 
is to lower either the flow (F) or the resistance (R) which, according to formula (1) above, will result in a 

35 reduced IQP; alternatively to increase the flow via the uveoscleral route which according to formuia (2) aisc 
gives a reduced pressure. Cholinergic agonists, for instance pilocarpine, reduce the intraocular pressure 
mainly by increasing the outflow through Schlemm's canal. 

Prostaglandins, which recently have met an increasing interest as lOP-iowering substances may ce 
active in that they will cause an increase in the uveoscleral outflow (Crawford et al. 1987, and Nilsson et ai. 

40 1987). They do not appear, however to have any effect on the formation of aqueous humor or on tre 
conventional outflow through Schlemm's canal (Crawford et al. 1987). 

The use of prostaglandins and their oerivatives is described for instance in US 4599353 and EP 
87103714.9. and by Bito LZ et al (1983). Camras C8 et al (1981. I987a. I987b. 1988). Giuffre G (1985). 
Kaufman PL (1986), Kersetter JR et al (1988), Lee P-Y et al (1988) and Viilumsen J et al (1989). 

45 With respect to the practical usefulness of some of the previously described prostaglandins and 
derivatives, as suitable drugs for treating glaucoma or ocular hypertension, a limiting factor is their oroperiy 
of causing superficial irritation and vasodilation in the conjunctiva. It is probable, moreover, that prostaglan- 
dins have an irritant effect on the sensory nerves of the cornea. Thus local side effects will anse tn the eye 
already when the amounts of prostaglandin administered are quite small - that is. already when the aoses 

50 are lower than those that would be desirable for achieving maximum pressure reoucticn. it has thus been 
found, for instance, that for this reason it is clinically impossible to use PGFjQ-l-isooropyl ester m tl-.e 
amount that would give maximum pressure reduction. Prostaglandins, being naturally occurring autacoics. 
are very potent pharmacologically ana affect both sensory nerves and smooth muscle of the blooc vessels. 
Since the effects caused by administrations of PGF20 and its esters to the eye. comonse in acaition -o 
pressure reduction also irritation and hyperemia (increased blood flow), the doses currently practicaote -n 

2 
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clinical tests are necessarily very low. The irritation experienced when PGfza or its esters are applied, 
consists mainly in a feeling of grittiness or of having a foreign body in one's eye. this being usually 
accompanied by increased lacrimation. 

We have now found that a solution to the problems discussed above is the use of certain derivatives of 
prostaglandins A. B. D. E and F. in which the omega chain has been modified with the common feature of 
containing a ring structure, for the treatment of glaucoma or ocular hypertension. 

The prostaglandin derivatives have the general structure 



10 




alpha chain 
omega chain 



. wherein A represents the alicyclic ring Ca-Ca and the bonds between the ring and the side chains 
represent the various isomers. In PGA. PGB. PGD. PGE and PGF A has the formula 
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30 



The invention is based on the use of derivatives characterized by their omega chain and various 
modifications of the alpha chain is therefore possible still using the inventive concept. The alpha cha.n_cou!d, 
typically be the naturally occuring alpna chain, which is esterifled to the structure 



35 



>C0O Ri 



40 



in which R, an alkyl group, preferably with 1-10 carbon, especially 1-6 atoms, for instance metyl. ethyl, 
propyl ii^pyl. butyl, isobutyf. neopentyl or benzyl or a derivative giving the final substance equivalent 
properties as a glaucoma agent. The chain could preferably be a Cs-Cc chain which might be saturatea or 
unsaturated having one or more double bonds, and allenes. or a triple bond and the chain might contain 
one or more substituents such as alkyl groups, alicyclic rings, or aromatic rings w.th or without hetero 



45 



50 



atoms. 

The omega chain is defined by the following formula: 



55 



(13) (14) (15-24) 
C B C - D - R- 



wherein 

C is a carbon atom (the number is indicated within parenthesis) 

8 is a single bond, a double bond or a triple bond 

0 Is a chain with l-iO. preferably 2-8. and especially 2-5. 

and particularly 3 carbon atoms, ootionally interrupted by preferably not more than two hetero atoms (O.S^ 
or N) the substituent on each caroon atom being H. alkyl groups, preferably lower alkyl groups withm i-5 
carbon atoms, a carbonyl group, or a hydroxy! group, whereby the subsntuent on C.s^eferably being a 
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nitro groups, halogen atoms andtenvl Zn n '^'"^^ ^"^^^''^ ^'^y'^'"*"^ 9^oups. 

like thLo° imidazole pyTifne ToZnl Z T '^'^^'^^'^"'^ 9^°"P having 5-6 ring atoms 
a™.gop.i.r,r^^^^^^ 

TableT " '"'^"'^^^ ^^'^^ ^"^-^ - '°"-"9 (~re information see 



'0 (1) l6-phenyM7,l8.19.20-tetranor-PGF,„-isopropylester 

(2) 1 7-pheny|.l a 1 9.20-trinor-PGFja-isopropylester 

(3) 15-dehydro-17-phenyl-18.19.20-trinor.PGF,„-isopropylester 
4 6-phenoxy-l7,i8.19.20-tetranor-PGF,„..sopropylester 

(5) 17-phenyl-i8.19,20-trinor-PGE2-isopropylester 

^7!;^m1?'?■'!"'^'"''"''•''■^°••""<'^••'°^=•'^°P^°Py'ester 
7 5- RH7.pheny|.i8.l9,20..rinor-PGF3„-,sopropylester 

9)1Xl4-d.hydro-17-phenyM8.19,20-tr,nor-PGF,„.isopropylester 
(10)18-phenyi-i9,20-dinor-PGF,,-isopropylester 
20 (20) 19-pheny|.20-nor-PGFja-isopropylester 

dihydro.1 AphenyMsTg^SStrS?^^ 

formulas given in Table I represented by (3). (6U7Und(9) In the 

prosl^gra^rs^dSl^^^^^^^^^ pS ^PGrrPre^c a^Tp-c!;^ 

B is a single bond or a double bond ' °' "^^^^^ '^'^^^^ ^^^^ P^^^a 

0 IS a carbon chain wrth 2-5 e^oecallv ^ atnmc- r • 

having lower alky. subst.tuents orpretrably H ' ' '^-C- 

°Ptionally having substituents selected among alkyi and alkoxy grouos 
The invention thus relates to the use of certain derivatives of PGA PGB Prn ppp . o.. 
treatment of glaucoma or ocular hvoertensinn Am.n^ * ! ' 't^e 

that some are irntatino or otherw , " , derivatives defined above it has been found 



30 



some are irritating or otherwise not on.imai .n^ in%» . --mmbu doove it nas been found 

and these are exclooea n hT the olo o ^ "''^ 

therapeutically effective a d ph soiog.ca y' ac- erht^'r"" '-"^^ to 

17,,8.,9,20Metranor.PGF,..,soprop reSrn^^^^^^^^ '° " '"^'^^^^ (,) iB-phenyl- 

ring with a methoxy grouraivino fol!f (8 "2 ""^'"''"'^ substituting the phenyl 

The method for 'eatfng giaLZa r o Ja hy^ I '''''''^'^^"^ -^ful compound, 

pressure reducing amount of a composi ion s afoS- ^ .H ' '""''''"^ 

and to maintain said pressure on a redu«d 'e'e^^ T^^^ '° 

per application of the active substance "e a ZLl , '°" ° ^-'O ^^9. 

Tom the group defined above e ^^^^^^^ ^""^ physiologically acceptable derivative 

composition, corresponding to a out 30 uTs adl^^^^^^^^ rT''' ^"^^^ °' 

This therapy is applicable ^oth to human beinVs anrto anla? '° ^"'^"''^ 

prosSarraSro^^^^^ r P^vs-ologically acceotabie 

tion for the treatment of glaucoma or ocult rpenension " ophthalmolog.cal composi- 

::h-cr:Sry rr;:y:^^^^^^^^^^ --P-^^^'e veh.. known per se. The 

as e.g. phys.o.ogL. saiine^^oVTo.X o^o ^t^^ "t^^^ 

mologically compatible preservatives such Pn h! t furthermore may contain ophthal- 

80. liposomes o polym Tor exa-o e me h i =^'°^'d«' like e.g. polysorbate 

hyaluronic acid; these may be used To increalo t 'T'"/ Py^^°''^°"e and 

soluble or insoluble drug inL^s rn t'h" rgTt;^ LLTs^ed "^'^^ " '° 

ocu,ar"hy~U'S rp^s^rSta^TuC^^^^^^ T^' °' ^'^^^ °^ 

derivative as defined above and'an ophtha.Zgic ^ co" "^^^^^^ °' ^ P-^^S-andin 

dose Of about 0.1-30 u in about 10-50 u of the compositrn ""'Pnsing a 
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In the experiments carried out in this investigation the active compound, in an amount, varying with 
potency of the drug, from 30 ug to 300 ug/ml was dissolved in a sterilized aqueous solution (sal.ne 0.9 %) 
containing 0.5 % polysorbate-80 as solubilizing agent. 

The invention is illustrated by means of the following non-limitative examples. 



Synthesis of prostaglandin derivatives 

10 Example 1: Preparation of 1 S-pheny I- 1 7. 1 8, 1 9 ,20-tetranor PGFzg-isopropyl ester 0). 

A 50 ml round bottom flask equipped with a magnetic stirring bar was charged with 17.5 mg {0.04 
mmol) l6.phenyM7.l8.l9,20-tetranor PGF^a (Cayman Chemical). 5 ml CH,Cl2.30.2 mg (0.23 mmoO 
diisopropylethylamine. Th.s solution was stirred at -10 'C and 13.5 nng (0.07 mmol) of isopropyitrirlate 
;s (freshly prepared) was aoded. This solution was allowed to stand at -lO C for 15 min and was then slowly 
warmed to room temperature. When the esterification was complete according to TLC (usually after 3-4 h at 
room temperature) the solvent was removed in vacuo. The residue was diluted with 20 ml ethylacetate. 
washed with 2x10 mt 5 % sodium hydrogencarbonate and 2x10 ml 3 % citnc acid. The organic layer was 
dried over unhydrous sodium sulfate. The solvent was removed in vacuo and the residue was purified by 
column Chromatography on silica gel-SO using ethyl acetate: aceton 2: l as eluent. The title compound was 
obtained as a colourless oily substance (71 % yield). 



20 



25 



Nuclear Magnetic Resonance spectrum (CDCI3)- ppm: 5 



1 .2 {6H d) 
2.85 (2H d) 
3.85 (1H m) 
4.15 (IH t) 
30 3.3 (iHq) 
5.0 (IH m) 

5.3-57 (4H m) 7.15-7.35 (5H m| 

Example 2: Preparation of l7-phenyl-i8.l9.20- trinor PGFgg-isoproDyl ester (21 

A 50 ml round bottom flask equipped with a magnetic stirring bar was charged whith 20 mg (0.05 
mmol) i7-phenyM8,l9.20-tnnor PGF^a (Cayman Chemicals). 6 ml acetone. 39.2 mg (0.25 mmol) DBU ana 
42 5 mg (0 25 mmol) isopropyl iodide. The solution was allowed to stand at room temperature for 24 h. the 
solvent was removed in vacuo and the residue was diluted with 30 mi of ethyl acetate, washed tw.ce w,th lO 
40 ml 5 % sodiumhydrogln-^onate and 10 ml 3 % citric acid. The solvent was removed in vacuo, and the 
crude product was chromatographed on silica gel-60 using ethyl acetate: acetone 2:1 as eluent. The title 
compound (2) was obtained as an oily substance (65 % yield). 

^5 Nuclear Magnetic Resonance spectrum (CDCI3)- ppm: 5 

1.2 (6m) 
3-9 (IH m) 
4.1 (1H t) 
50 4.2 (IHm) 
4.9 (IH m) 
5-4-5.6 (4H m) 
7.1-7.3 (5H m) 

55 Example 3: Preparation of 1 5-dehydro- 1 7-pheny 1- 1 8. 1 9.2Q-trinor PGFza-isoorooyl ester (3) 

20 9 mg (0 092 mmol) DOQ was added to a solution of lO mg (0.023 mmol) I7.phenyl.i 8.1 9,20 tnnor 
PGF^^MSopropyl ester (2) in 8 ml oioxane. The reaction mixture immediately turned brown, the reaction 
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mixture was stirred at room temperature for 24 h. The precipitate formed was filtered, washed with 10 ml 
ethyl acetate, the filtrate was diluted with 10 ml ethylacetate washed with 2xiO ml water, 2x10 ml NaOH IM 
and 20 ml brine. The organic layer was dried on anhydrous sodium sulfate and the solvent was removed in 
vacuo, the residue was purified by column chromatography on silica gel using ethyl acetate: ether 1:1 as 
5 eluent. The title compound (3) was obtained as a colourless oily substance (76 % yield). 



Nuclear Magnetic Resonance spectrum (CDCh),- ppm: 5 

w 1 .2 (6H d) 
4.0 (IHm) 
4.2 (1H m) 
5.0 (1H m) 

5.4 (2H m) 
75 6.2 (IHd) 

6.7 (IH g) 
7.15-7.35 (5H m) 

Example 4: Preparation of 1 6-phenoxy- 1 7. 1 8. 1 9.20 -tetranor PGacr-isoDropyl ester(4). 

20 

Following a procedure similar to that descnbed in example 2 using 20 mg (0.051 mmol) l6-phenoxy- 
17,18.19.20 -tetranor PGF2a (Cayman Chemicals). The title compound (4) was an oily substance (53.2 % 
yield). 

25 

Nuclear Magnetic Resonance spectrum (CDCI3)- ppm: 5 

1.2 (6Hd) 
3.9 (3H m) 

30 4.2 (IHm) 

4.5 (IHm) 
5.0 (IH m) 
5.4 (2H m) 
5.7 (2H m) 

35 6.9 (3H m) 

7.3 (2H m) 

Example 5: Preparation of 1 7-phenyl-l 8.19.20-trinor PGEz-isopropyl ester (5>. 

40 Following a procedure similar to that described in example 2 using 10 mg (0.026 mmol) 17-phenyl- 
18,19,20- tnnor PGE2 (Cayman Chemicals). The crude product was purified by column chromatography on 
silica gel-60 using ether as eluent. The title compound (5) was an oily substance (38.9 % yield). 



45 Nuclear Magnetic Resonance spectrum (CDCI3)- ppm: 5 

1.2 (6H d) 
3.9-4.1 (2H m) 
4.9 (IH m) 
50 5.3 (2H m) 
5.6 (2H m) 
7.2 (5H m) 

Example 6: Preparation of 1 3. 1 4-dihy(jro- 1 7-pheny i- 18.1 9.20-trinor PGA2-isopropyi ester (6). 

55 

Foilowmg a procedure similar to that described in example 2 using 10 mg (0.026 mmol) l3.l4-dihydro- 
17-phenyl PGA2 (Cayman Chemicals). The cruoe product was chromatographed on silica gei-60 using ether 
as eluent. 

5 
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20 



Nuclear Magnetic Resonance spectrum (CDCIj)- ppm: 5 

1.2 (6H d) 
4.35 (1H m) 

5 5.0 (IHm) 
5.4 (2H m) 

7.3 (5H m) 

Example 7: Preparation of 15-(R)-17-phenyl-1 8.1 9.20 jrinor PGF^g-isopropyl ester (7). (Table II) 

10 

32 Prgnaration of i.(S>-2-oxa-3-oxo-6-(R)-(3-oxo-5-phenyl-l-trans-p entenyl)-7-(R)-(4-phenylbenzoyloxy)-cis- 
bicyclo [3.3.01 octane (i3). 

,s 18 g (0.05 mol) alcohol (ll). 32 g (0.15 mol) DCC, 39.1 g (0.5 mol) DMSO (newly distilled from CaH^) 
and 30 ml OME were charged to a 200 ml flask under nitrogen. Orthophosphoric acid was acded m one 
portion, and an exothermic reaction occured. The reaction mixture was st-rred "^^-^J^"'"' V f 
temperature for 2h. and the resultant precipitate was filtered and washed w.th DME. The filtrate (12) can be 
used directly for Emmon condensation reaction. 

To a suspension of 1.2 g (0.04 mol) NaH (80 % washed with n-pentane to remove mineral oil) m 100 m 
DME under nitrogen was added dropwise 12.3 g (0.048) dimethy|.2-oxo-4-phenylbuty|.phosphonate ,n 30 ml 
DME. The mixture was stirred mechanically for 1h at room temperature, then cooled to -10 C and a 
solution of the crude aldehyde (12) was added in dropwise. After 15 min at 0 C and ih at room 
temperature the reaction m.xture was neutralized with glacial acetic acid, the solvent '^as removed under 
vaccum and to the residue was added 100 ml ethyl acetate, washed with SO ml water and 50 ml bnne^ The 
organic layer was dried over unhydrous sodium sulfate. The solvent was removed ^n vacuo and the 
resulting white precipitate filtered and washed with cold ether. The title compound (13) was oota.ned as a 
crystalline substance mp 134.5-135.5 (53 % yield). 

7_2 Preparation of l-(S)-2-oxa-3oxo-6-(R)-[3-(R.S)-hydroxy-4.phenyl-l-tra ns-pentenyil-7.(H1.(4-ohenyiben- 
ioyloxy) cis-oicycio [3.3.01octane (14). 

10 g (0 021 mol) enone (13) and 3.1 g (0,008 mol) cerouschloride heptahydrate in 50 mi methanol anc 
20 ml CH:Clj were charged to a 200 ml round bottom flask equipped with a magnetic stirring oar ana was 
cooled to -78 ■ C under nitrogen. Sodium borohydride was added in small portions, after 30 mm the 
reaction mixture was quenched by addition of saturuted NH.Cl, and extracted with 2x50 ml ethyl acetate. 
The extracts were dried and concentrated to leave a colourless oil (98 % yield). 

7.3 Preparation of l-(S)-2-oxa-3-oxo-6-(R>-(3-(R.S)-hydroxy4.phenyl-l-trans-oentenyll- 7-(R)-hydroxyc:s- 
bicyclo-[3.3.01 octane (15). 

To a solution of 9.8 g (0.02 mol) ketal (14) in lOO ml absolute methanol was added i.7 (0.0i2 moi) 
potassium carbonate. The mixture was stirred with a magnetic bar. at room temperature after 3 n. Tne 
mixture was neutralized with 40 ml HCI l M. and extracted with 2x50 ml ethyl acetate. The extracts were 
then dried on unhydrous sodium sulfate and concentrated. The crude product was chromatographed on 
silica gel using ethyl acetate: acetone as eluent. The title compound (i5) was obtained as an oily substance 
(85 '.'o yield). 

7A Preparation of 1-(S)-2-oxa-3-hydroxy-6-(R)-[3-(R.S)-hydroxy-i-phenyM -trans-pentenyl]-7-.-R)-hycroxy- 
as-bicyc:oi3.3.01 (16). 

To a solution of 3g(0.0ll mol) lactone (15) in 60 ml unhydrous THF. stirred magnetically and cooled to 
•78 'C 45 g (0 0315 mol) DIBAL-H in toluene was added droowise. After 2h the reaction mixture was 
quenched by addition of 75 ml methanol. The mixture was filtered.the filtrate was concentrated in vacuo ana 
the residue was chromatcgraohed on silica gei-60 using ethyl acetate: acetone i:i as e.uent. me title 



30 



35 



40 



SO 
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compound (16) was obtained as a sennisolid substance (78 % yield). 



7.5 Preparation of 1 5'(R.S)-1 7-phenyi-l 8. 1 9.20-tnnor PGF2a(17). 

5 

2.5 g (25 mmol) sodium methyl sulfinylmethide in DMSO freshly prepared from sodium anhydride and 
DMSO) was added dropwise to a solution of 5.6 g (12.6 mmol) 4-caboxybutyl triphenyl-phosphonium 
bromide in 12 ml DMSO. To the resultant red solution of the yfide was added dropwise a solution of the 1.2 
g (4.2 mmol) hemiacetal (16) in 13 ml DMSO, and the mixture was stirred for ih. The reaction mixture was 
10 diluted with 10 g ice and 10 ml water and extracted with 2x50 ml ethyl acetate, whereafter the aqueous 
layer was cooled, acidified with HCI 1 M and extracted with ethyl acetate, and then the organic layer was 
dried and concentrated. The resulting crude product was a colourless substance. The purity of the title 
compound (17) was estimated by TLC on silica gel using ethyl acetate: acetone: acetic acid 1:1:0.2 v/v/v as 
eluent. 



76 Preparation of 1 5-(R)-l 7'phenyl'l8.1 9.20- trinor POF^g-isopropyi ester (7). 

The crude product (17) was esterified following a procedure similar to that described in example 2 the 
20 product was purified by column chromatography on silica gel-60 using ethyl acetate as eluent and the 
resulting mixture of C15 epimeric alcohol were separated. 

The title compound (7) was obtained as a colourless oily substance (46 % yield). 

25 Nuclear Magnetic Resonance spectrum (CDCI3),- ppm: 5 

1.2 (6H m) 
3.9 (IH m) 
4.15 (2Hm) 
30 4.95 (IHm) 
5.4 (2H m) 
5.6 (2H m) 
7.2 (5H m) 

35 Example 8: Preparation of 1 6-[4>f methoxy )pheny t]- 17.18. 1 9.20-tetranor PGFgg-isopropyl ester (8). 

Following a procedure similar to that described in example 7 with modified step 7-2, the aldehyde v2 
described in step 7-2 was reacted with dimethyl-2-oxo-3-[4-(merhoxy)phenyl]-propylphosphonate and was 
purified by column chromatography on silica gel-60 ustng ethyl acetate: toluene 1:1 as eluent. A colourless 
40 oily substance was obtained (57 % yield). 

The title compound i6-[4-(methoxy)phenyl]-17,l8,l9,20-tetranor PGFaa-isopropyt ester (8) was obtained 
as an oily substance, and purified by column chromatography on silica gel-60 using ethyl acetate as eiuent 
' (46 % yield). 

45 

Nuclear Magnetic Resonance spectrum (CDCI3)- ppm: 5 

1.2 (6H d) 

2.8 (2H d) 
so 3.75 (3H S) 

3.9 (IH m) 
4.15 (1H m) 

4.3 (IH m) 
5.0 (IH m) 

55 5.4 (2H m) 
5.6 (2H m) 
6.8 (2H d) 
7.2 (2H d) 

a 
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Example 9: Preparation of 13.1 4-clihydro- 1 7-phenyl- 1 8. 1 9.20-trinor PGF^g-isopropyl ester (9). 

FoHowing a procedure similar to that described in example 7. with minor modification. 5 g (0.018 mol) 
enone (13) in lOO ml THF was reduced using 2.03 g 10 % pd/c under hydrogen atmosphere. After 
5 completion of the reaction (as determined by TLC on silica gel using ethytacetate: toluene 1 :1 as eluent) the 
mixture was filtered on celite. The filtrate was concentrated in vacuo and an oily substance was obtained 

(86 % yield). . , , 

The final product I3j4<lihydro.l7-phenyl-l8.l9,20-trinor RGF^a-isopropyl ester containing a mixture of 
C,5 epimeric alcohols were separated by preparative liquid chromatography using 40 % CHoCN in water 
10 v/v as eluent. 



Nuclear Magnetic Renonance spectrum (CDCIs)- ppm: ^ 

15 1.2 (6Hd) 
3.6 (1H m) 

3.9 (1H m) 
4.15 {1H m) 
5.0 (1H m) 

20 5.4 {2H m) 
7.2 (5H m) 

Example 10: Preparation of 18'phenyl-l 9.20-trinor PGF;a-isopropyl ester (lOl 

25 Following a procedure similar to that described in example (7) with modified step 7-2, The aldehyde 
(12) described in 7-2 was reacted with dimethyl-2.oxo-5-phenyl pentyl phosphonate gave a crystalline 
substance trans-enone lactone (67 % yield). 

The final product i8-phenyl-l9.20-dinor PGFsa-isopropyl ester (lO) was punfied by column chromatog- 
raphy on silica gel-60 using ethyl acetate as eluent gave a colourless oil (41 % yieid). 

30 1.2 (6Hd) 
3.95 (IH m) 

4.10 (1H m) 
4.20 (IHm) 
5.0 (IH m) 

35 5.4 (2H m) 
5.6 (2H Q) 
7.2 (5H m) 

40 Example 11: Preparation of i9-phenyl-20-nor-PGF2a-isopropyl ester (20). 

Following a procedure similar to that described in example (7) with modified step (7-2). 
The aldehyde (12) described in (7-2) was reacted with dimeinyi-2-oxo-6-phenyi-hexylphosphonate gave 
a colourless oil trans-enone lactone (56 % yield). 
45 The final product l9-pheny|.20.nor-PGF2a-isopropyi ester (20) was a colourless oil. and was punned by 
column chromatography on silica gel-60 using ethyl acetate as eluent (30 % yield). 



Nuclear Magnetic Resonance spectrum (CDCl3)-Ppm: 5 

50 

1 .2 (6H d) 
2.6 (2H t) 
3.9 (IH m) 
4.1 (IH m) 
55 4.2 (IHm) 
5.0 (IH m) 

5.4 (2H m) 

5.5 (2H t) 
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7.2 (5H m) 

Studies of eye pressure lowering effect and adverse reactions 



5 The intraocular pressure (lOP) was determined in animals with a pneumatonometer (Digilab Modular 
One^. Bio Rad). specially calibrated for the eye of the particular species. The cornea was anaesthetized 
with 1-2 drops of oxibuprocain before each lOP measurement. In healthy human volunteers lOP was 
measured with applanation tonometry or with an air puff tonometer (Keeler pulsair). For applanation 
tonometry either a pneumatonometer (Digilab) or Goldmann's applanation tonometer mounted on a slit lamp 
70 microscope was used. The cornea was anaesthetized with oxibuprocain before each measurement with 
applanation tonometry. No local anaesthesia was employed before measurement with the pulsair tonometer. 

The ocular discomfort after application of the test substances was evaluated in cats. The behaviour of 
cats after topical application of the test drug was followed and ocular discomfort was graded on a scale 
from 0 to 3. 0 indicating complete absence of any signs of discomfort, and 3 indicating maximal irritation as 
ts obvious from complete lid closure. 

Conjunctival hyperemia after topical application of the test substances was evaluated in rabbits. The 
conjunctiva at the insertion of the superior rectus muscle of the eye was inspected or photographed with 
regular intervals and the degree of hyperemia was later evaluated from the color photographs in a blind 
manner. Conjunctival hyperemia was evaluated on a scale from 0 to 4, 0 indicating complete absence of 
20 any hyperemia, and 4 indicating marked hyperemia with conjunctival chemosis. 

For determination of the effects on the intraocular pressure, primarily monkeys (cynomolgus) were 
employed. The reason for this is that the monkey eye is highly reminiscent of the human eye and therefor, 
generally, drug effects are readily extrapolated to the human eye. However, the disadvantage of using the 
monkey eye as a model is that the conjunctiva in this species is pigmented making it impossible to evaluate 
25 conjunctival hyperemia and furthermore, the monkey eye is relatively insensitive to irritation. Therefore, the 
cat eye. being very sensitive to prostaglandins was used for evaluating ocular discomfort and the rabbit eye 
with pronounced tendency to hyperemic reactions was used for evaluating conjunctival and episcleral 
hyperemia. 

It is evident from Table III that modification of the omega chain of the prostaglandin skeleton introduced 

30 new and unexpected features to the prostaglandins with respect to ocular irritation (discomfort). Particularly* 
17-phenyl.l8.19.20-tnnor-PGF2Q-IE and analogs were unique in exhibiting a complete toss of ocular irritation 
with retained tOP lowering effect in monkeys. Whereas the i7-phenyl.l8.i9,20-trinor-PGF2a derivatives 
were extremely well toieratec. i6-pnenyl-l7.i8j9.20-tetranor-PGF2Q.!E caused clear ccutar aiscomfort 
although to a lesser degree than PGFsa-IE or iS-propionate-PGEj-IE (Table 111). However, substituting a 

35 hydrogen atom in the phenyl ring with a methoxy group having electron donating properties renderea the 
molecule practically free of ocular irritating effect. Table III. It is also evident from Tabie III that i8-phenyl- 
l9,20.-dinor-PGF2alE. t9-phenyl-20-nor-PGF2a-iE as well as 1 7-phenyi-l8.i9.20-trinor-PGE:-IE and 13.14- 
dihydro-l7-phenyl-18.l9.20-trinor-PGA2-lE. had no or very little irritating effect in the eye of cats. This 
indicates that the invention not only is valid for 16-. and 17-tetra- and trinor analogs of PGFza but for a 

40 range of omega chain modified and ring substituted analogs of PGFja (as exemplified with t6-phenyi- 
17.l8.l9.20-tetranor-PGF2a-iE to l9-phenyl-20-nor-PGF2a-lE), and more importantly even for different 
members of the prostaglandin family such as PGEz and PGAs modified in an analogous way (Table 111). 
Thus, modifying the omega chain and substituting a carbon atom in the chain with a ring structure 
introauces completely new, unexpected anc advantageous qualities to naturally occuring prostaglandins in 

45 that the irritating effect in the conjunctiva and cornea is abolished, in the case of 1 6-phenyi-i 7. 18.19,20- 
tetranor-PGFjQ-lE exhibiting some irritating effect substituting a hydrogen atom in the ring structure with 
e.g. a methoxy group attenuates or abolishes the irritating effect. 

In addition to the lack of ocular discomfort the omega chain modified analogs also exhibited an 
advantage over naturally occuring prostalgandins in that they caused considerably less conjunctival 

50 hyperemia as studied in the rabbit eye (Table IV). Particularly, 1 5-dehydro-17-phenyl-18.19.20-trinor-PGF2Q• 
IE, 1 3. l 4-dihydro- 1 7-phenyl- 1 8, 1 9,20-tnnor"PGF2a-lE. and 1 3. 1 4-dihydro- 1 7-phenyl- 1 8. 1 9.20-trinor PGA2-IE 
were adventageous in this respect. Also l8-phenyi-i9.20-dinor-PGF2a-!E and i9-phenyl-20-nor-PGF2a-l£ 
induced very little conjuncrival hyperemia (TablelV). 

The intraocular pressure lowering effect of omega chain modified ana ring-substituted prostaglandin 

£5 analogs is cemonstrated in Table V. It can be seen that particularly 1 6-phenyl-ietranor and l7-phenyl-trinor 
prostaglancin analogs significantly reduced IQP in animal eyes (Table V). In all but two series of 
expenments cynomoigus monkeys were used. It is of particular interest to note that 1 7-phenyl- 18.19,20- 
trinor PGF2a-aerivatives exhibiting no ocular irritation and only modest conjunctival/episcleral hyperemia 
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sianificantly lowered lOP in primates. It should furthermore be observed that both 1 6-phenyl- 17.18.1 9.20- 
tSnor%GF<,.IE. l8-phenyM9.20-dinor.PGFaa -IE and 19.pheny|.20-nor.PGF„-IE reduced the muaocular 
oressure thus, modification of the omega chain and substituting a carbon atom in the chain w,th a rtng 
structure do not render the molecule inactive with respect to the effect on the intraocular pressure 

i Furthermore, it should be observed that substituting a hydrogen on the ring structure of l6-phe- 
nyll7l8l9 20-tetranor-PGF2a-IE with a methoxy group eliminated much of the ocular .rntating effect 
preser^^ing most of the intraocular pressure lowering effect. Thus, omega chain modified and nng subsn- 
tuted prostaglandin analogs reduce lOP effectively in animals. It is further demonstrated m Table V that 16- 
phenoxy-l7.ia.l9.lO-tetranor-PGF2a-IE effectively lowers the intraocular pressure as studied "ts^ Thus^ 

0 substituting carbon 17 in the omega chain with a hetero atom, in this case oxygen, does not render the 

molecule inactive with respect to the effect on lOP. ^ ^ ^ „,„„^,,i=. 

It is noteworthy that most of the l7-phenyl.l8.l9.20-trinor-prostagland.n analogs had poor intraocular 
pressure lowering effect in cats, even at high doses. It is to be observed that the doses at wn.cn 
compounds were used presented In Table 111 are lower than those e.g. in Table V. Doses presented |n Table 
5 HI should be explicitly compared with those of the naturally occurmg prostaglandins in the sarne table. The 
same is true for Table IV. It is clear that with increasing dose side effects may increase. However, .he 
doses of prostaglandin derivatives used in monkeys are comparatively similar to those used m human 
volunteers. (Table VI) being practically free of side effects. , q i o 20- 

The effect of some omega chain modified prostaglandin analogs, more specifically 1 7-pheny I- iai 9.20 
-0 trinor-PGF,„-IE iS-dehydro-l7.phenyM8.l9.20.trinor-PGF2„.IE. l5-<R)-l7-phenyMa.l9.20-tnnor-PGFaa- E, 
?lWcrro-i7.pheny'l8.l9.20.trinor-PGF,„-lE. and l8-phenyl-l9-20.dinor.PGF.„-IE on the intraocuar 
pressure of healthy human volunteers is demonstrated in Table VI. All compounds significantly reduced the 
intraocular pressure. It is particularly significant in this respect that none 

Significant irritating effect (ocular discomfort) and that ,3.l4.dihydro-l7-phenyl-i8.i9 20-trinor-PGF.,-lE anc 
« ,5 dehydro-l7-phenyM8,l9.20-trinor-PGF,„-lE caused very little If any con,unctival/ep.scleral hyperemia m 
man Thus omega chain modified, and ring substituted prostaglandin analogs seem to be unique m th.t 
these compounds reduce lOP without causing significant ocular side effects such as hyperemia^ 

'^"Tl^oresent invention thus describes a group of compounds exhibiting the unique property of causing 
30 insignificant ocular side effects while re taining the i ntraocular pressure loweri ng effect. From the foregoing ,t 
V^iS^That the-cFUcraaiTiOTo^^ 

substituents injhe_nng_s^^ '^- -^-''kS n !h 

^T^^ atoms may also be Introduced into the -9 ^nut a 

S^i^iiTchain. Presently, particularly l7-p7ienyM8.l9.20-tnnor-PGF,a-denvatives seem very promising for 

35 therapeutic use in glaucoma. From the scientific literature it is evident that PGE: and PGA, or their esters 
*wer top in the monkey (see Bito et al, 1989). Clinical studies with PGE. have ^"f"?:: ' 

demonstrating lOP-lowering effect In man (Flach and Eliason (1988)). Thus, the analogy with PGF^„ and its 
esters towering lOP m the primate eye is logic. It is most reasonable to assume that other prostag.anoms 
with modified omega chain exhibit essentially the same properties as PGF,, with modifieo omega chain, i.e. 

40 lOP lowering effect without side effects. 
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Table III 



Irritative effect of naturally occuring prostaglandins {PGFza, POO2 and PGEz), and omega 
chain modified analogs applied as isopropylester on the cat eye. 

The avarage degree of discomfort was evaluated during 60 min after topical application 
of the respective test drug. The numbers within paranthesis refer to Table I. 



Substance 




Oose 


Degree of 








occular 








Irritation 


PGFsa-isopropylester (-IE) 




1 


3.0 - 0.0 


1 5-propionate-PGE2-IE 




0.1-1 


3.0 t 0.0 


1 5-propionate-PGD:-IE 




1 


13 t 0.2 


1 7-pheny 1- 1 8. 1 9.20-trinor-PGF2a-IE 


(2) 


1-5 


0 


1 5-dehydro- 1 7-pheny 1- 1 8. 1 9.20-trinor-PGF2a-tE 


(3) 


5 


0 


15-(R)-17-phenyl-l8.19,20-trinor-PGF2a-IE 


(7) 


1-5 


0 


13,1 4-dihydro-1 7-phenyl- 1 8. 1 9.20-trinor-PGF2a-IE 


(9) 


1 


0 


1 7-phenyi-1 8, 1 9,20-trinor-PGE2-IE 


(5) 


0.3 


0 


1 3. 1 4-dihydro- 1 7-phenyl- 1 8, 1 9,20-trinor-PGA2-IE 


(6) 




0 


1 6-phenyl- 1 7, 1 8, 1 9.20-tetranor-PGF2a-IE 


(1) 




2.2 i 0.3 


l6-[4-{methoxy)-phenyl]-l 7.18,1 9,20-tetranor-PGF2a-tE 


(8) 




0.2 i 0.1 


18-phenyl-i9,20-dinor-PGF2a-lE 


(10) 




07 ±0.1 


1 9-pheny l-20-nor-PGF2Q-lE 


(20) 




0.5 1 0.1 


1 6-phenoxy- 17,18.1 9 .20-tetranor-PG Fja-IE 


(4) 


5 


0.3 : 0.2 
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Table IV. Degree of conjunctival hyperemia in the rabbit 

eye after application of naturally occuring prostaglandins 

(PGF, , and PGE- ) , and omega chain modified analogs applied 
as isopropylesters. 



Substance 



Dose Degree of 

( pg ) hyperemia 

0.1 2-8 ♦ 0.2 

0.5 2.7 * 0.3 



PGFj^-isopropylester (-IE) 

15- propionate-PGEj-IE 

16- phenyl-17.18,19,20- , o ^ n q 
tetranor-PGF2^-IE (1) 0.5 1-3 i 0.9 

17- phenyl-18,19,20-trinor- n + n 3 
PGF, -IE (2) 0.5 2.0 + 0.3 

15-dehydro-17-phenyl- 0 7+03 

18,19,20-trinor-PGF2^-IE (3) 0.5 0.7+0.3 

15- (R)-17-phenyl-18,19.20- 7 n + n 0 
trinor-PGF, -IE (7) 0.5 2.0 * 0.0 

13,14-dihydro-17-phenyl- 1 -a * n 3 

18,19,20-trinor-PGF2.^-IE (9) 0.5 l.J + u.j 

17- phenyl-18,19.20-trinor- n t ^ n -> 
PGE2-IE (5) 0.5 2.7 t 0-2 

13,14-dihydro-17-phenyl- n 3 + o 3 

18,19,20-trinor-PGA2-IE (6) 0.5 0.3 + O.J 

18- phenyl-19,20-dinor- n -j ^ n 
PGF, -IE (10) 0.3 0.3 i 0. 

19- phenyl-20-nor-PGF2^-IE (20) 0.5 0.2 + 0. 

16- phenoxy-17, 18, 19.20- o -3 ^ n 
tetranor-PGF2^-IE (4) 0.5 2.3+0. 
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1. Use of a therapeutically active and physiologically acceptable derivative of prostaglandin PGA. PG3. 
PGO. PGE or PGF, in which the omega chain has the formula: 

(13) (14) (15-24) 

50 c B C - D - ^2 



55 



wherein 

C is a carbon atom (the number is indicated within parenthesis) 
B is a single bono, a double bond or a triple bond 

0 is a Cham with i-iO carbon atoms, optionally interrupted by hetero atoms 0. S. or N. the substituents on 
each caroon atom being H. alkyi groups, preferably lower alkyi groups with 1-5 carbon atoms, a caroonyi 
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group, or a hydroxyl group 

R2 is a ring structure such as a phenyl grouo which is unsubstltuted or has at least one substituent selected 
from Ci-Cs alkyi groups, Ct-C* aikoxy groups, trifluoromethyl groups. C1-C3 aliphatic acylamino groups, 
nitro groups, halogen atoms, and phenyl group; or an aromatic heterocyclic group having 5-6 ring atoms. 
5 like thiazol. imidazole, pyrrolidine, thiopene and oxazole; or a cycloalkane or a cycloaikene with 3-7 caroon 
atoms in the ring, optionally substituted with lower alkyI groups with 1-5 carbon atoms, 
for the preparation of an ophtalmological composition for the treatment of glaucoma or ocular hypertension. 

2. Use according to claim 1 wherein D is a chain with 2-8 carbon atoms. 

3. Use according to claim 1 wherein 0 is a chain with 2-5 carbon atoms. 
10 4. Use according to claim 1 wherein D is a chain with 3 carbon atoms. 

5. Use according to any of claims 1-4 wherein B is a single bond or a double bond and the substituent 
on C15 being a carbonyl group or (R)-OH or (S)-OH. 

6. Use according to any of claims 1-5 wherein R2 is a phenyl group which is unsubstltuted or has at 
least one substituent selected from C1-C5 alkyI groups. Ci-C* aikoxy groups, trifluoromethyl groups. C-.-Cj 

15 aliphatic acylamino groups, nitro groups, halogen atoms or a phenyl group. 

7. Use according to claim 6 wherein the prostaglandin derivative is a 17-phenyl-l8.l9.20-tnnor 
analogue. 

8. Use according to claim 7 wherein the prostaglandin derivative is a l5-dehydro-l7-phenyl-18.i9.20- 
thnor analogue or a I3.14-dihydro-l7-phenyl-18,19.20-trinor analogue. 

20 9. Use according to claim 8 wherein the prostaglandin denvative is a 1 3.1 4-dihydro-l7-phenyl- 18. 19.20- 
trinor derivative of PGA, PGE or PGF. 

10. Use according to claim 8 wherein the prostaglandin is a 15-dehydrG-17-phenyl-l8,19.20-trinor 
derivative of PGA, PGE or PGF. 

11. Use according to any of claims 1-10 wherein the prostaglandin denvative is an alkyI ester. 

25 12. A method for treating glaucoma or ocular hypertension in a subject's eye which comprises 
contacting the surface of the eye with an effective intraocular pressure reducing amount of a theraoeuticaily 
active and physiologically acceptable derivative of prostaglandin PGA, PGB. PGD. PGE or PGF m whicn the 
omega chain has the formula: 

30 ( 13) ( 14) ( 15-24) 

C B C - D - 

wherein 

35 ^ . 

C IS a carbon atom {the number is indicated within parenthesis) 
8 is a single bona, a double bond or a triple bond 

D is a chain with i-lO carbon atoms, optionally interrupted by hetero atoms O, S. or N. the sufcstituents on 
each carbon atom being H. alkyI groups, preferably lower alkyI groups with 1-5 carbon atoms, a carbonyl 
^ group, or a hydroxyl group 

R2 is a ring structure such as a phenyl grouo which is unsubstituted or has at least one substituent selected 
from C1-C5 alkyi groups, Ct-C* atkoxy grcups. trifluoromethyl groups. Ct-C: aliphatic acylamino groucs. 
nitro groups, halogen atoms, and phenyl grouo; or an aromatic heterocyclic group having 5-6 nng atoms, 
like thiazol. imidazole, pyrrolidine, thiopene ana oxazole; or a cycloalkane or a cycloaikene with 3-7 careen 
atoms in the ring, optionally substituted with lower alkyl groups with 1-5 carbon atoms. 

13. The method of claim 12 wherein D is chain with 2-8 carbon atoms. 

14. The method of claim 12 wherein D is a chain with 2-5 carbon atoms. 

15. The method of claim 12 wherein D is a chain with 3 carbon atoms. 

16. The method of any of claims 12-15 wherein B is a single bond or a double bond and the substituent 
on C15 being a caroonyl group or (R)-OH or (S)-OH. 

17. The method of any of claims 12-16 wherein R2 is a phenyl group which is unsubstituted or has at 
least one substituent selected from Ct-Cs a-kyi groups. Ci-C* aikoxy groups, tnfluorcmethyl groups. C-.-C^ 
aliphatic acylamino groups, nitro groups. ha;ccen atoms or a phenyl group. 

18. The method of claim 17 wherein the prostaglandin derivative is a 1 7-ohenyl-i8.i9.20-'rir.or 
analogue. 

19. The method of claim 18 wherein :re prostaglandin derivative is a i5-dehydro-l7-phenyl- 1 8.1 9.20- 
trinor analogue or a i3.l4-dihydro-l7-pheny!M8.l9,20-trinor analogue. 

20. The method of claim 19 wherein re prostaglandin derivative is a i5-dehydro-l7-phenyi- 18.1 9,20- 
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trinor derivative of PGA, PGE or PGF. « n 

21. The method of claim 20 wherein the prostaglandin derivative is a I3.14-dihydro-17-phenyt.l8.i9-20- 

trinor derivative of PGA. PGE or PGF." 

22 The method of any of claims 12-21 wherein the prostaglandin derivative is an alkyi ester. 

23 An ophthaimological composition for topical treatment of glaucoma or ocular hypertension which 
comprises an effective intraocular pressure reducing amount of a therapeutically active and physiologically 
acceptable prostaglandin derivative of PGA. PGB. PGD. PGE or PGF in which the omega chain has the 
formula: 



(13) (14) (15-24) 

C B C - D - R 



2 



;5 



wherein 

C is a carbon atom (the number is indicated within parenthesis) 
B is a single bond, a double bond or a triple bond 
D is a chain with 1-10 carbon atoms, optionally interrupted by hetero atoms 0. S. or N. the substituents on 
each carbon atom being H. alkyl groups, preferably lower alkyI groups with 1-5 carbon atoms, a carbcnyl 
group, or a hydroxy! group 

R2 is a ring structure such as a phenyl group which is unsubstituted or has at least one substituent selected 
from Ct-Cs alkyl groups. Ci-C* alkoxy groups, trifluoromethyl groups. C.-C3 aliphatic acylamino grouos. 
nitro groups, halogen atoms, and phenyl group; or an aromatic heterocyclic group having 5-6 ring atoms, 
like thiazcl, imiaazole. pyrrolidine, thiopene and oxazole: or a cycloalkane or a cyctoalkene with 3-7 carbon 
atoms in the ring, optionally substituted with lower alkyl groups with 1-5 carbon atoms, 
in an ophthalmologically compatible carrier. 
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